Objective: This paper describes the development of a reliable and valid questionnaire to provide a comprehensive measure of the nutritional knowledge of UK adults. The instrument will help to identify areas of weakness in people's understanding of healthy eating and will also provide useful data for examining the relationship between nutrition knowledge and dietary behaviour which, up until now, has been far from clear. Design: Items were generated paying particular attention to content validity. The initial version of the questionnaire was piloted and assessed on psychometric criteria. Items which did not reach acceptable validity were excluded, and the ®nal 50 item version was administered to two groups differing in nutritional expertise on two occasions to assess the construct validity and test-retest reliability. Setting: The questionnaire was developed in 1994 in the UK. Subjects: Three hundred and ninety-one members of the general public, recruited via their places of work, completed the questionnaire at the piloting stage. The ®nal version was administered to 168 dietetics and computer science students following a university lecture. Results: The internal consistency of each section was high (Cronbach's alpha 0.70 ± 0.97) and the test-retest reliability was also well above the minimum requirement of 0.7. Nutrition experts scored signi®cantly better than computer experts [F(1167) 200.5, P`0.001], suggesting good construct validity.
Introduction
Since the 1950s the link between diet and chronic diseases such as cancer and cardiovascular disorders has been increasingly well recognised world-wide (WHO, 1990) . In the UK, attempts to improve the nation's health through dietary change have tended to centre around education. Underlying this approach is the assumption that providing people with the information necessary to choose healthy foods will ultimately lead to an improvement in diet. According to this view, given accurate information about what they should be eating and the implications for their health if they eat the`wrong' foods, people will change their diets appropriately. Organisations like the Health Education Authority in the UK produce extensive literature aimed at informing people about appropriate dietary behaviour. Their most recent lea¯et, entitled`Eight Guidelines for a Healthy Diet' (HEA, 1997) includes advice to eat more starchy foods, plenty of fruit and vegetables and to cut down on fatty and sugary foods, as well as information about what these foods are, explanations of the kinds of health bene®ts of following the guidelines and practical tips and recipes to help people make the recommended dietary changes.
Despite the intuitive appeal of education as a means of improving diet, many studies in this area have failed to ®nd signi®cant associations between nutritional knowledge and dietary behaviour (Axelson et al, 1985) . If these conclusions are correct and knowledge really has little or no impact on dietary behaviour, then the implications for campaigns to improve people's diet are important. It could be that resources used for public education programmes are being wasted if knowledge does not, in fact, have a major in¯uence on behaviour.
One alternative explanation for the inconsistent associations between knowledge and dietary behaviour, is that knowledge could be being poorly assessed. Psychometrics, the science of measuring or scaling psychological attributes, has de®ned a set of criteria for a valid test (Kline, 1993) . The items should sample the full domain of the attribute in question and be phrased simply and unambiguously (content validity). Individual items should (usually) not be so easy that almost everyone completes them, nor so dif®cult that very few complete them. Individual items within a scale or subscale should be well correlated to the total subscale score (internal reliability). Scores should remain stable when the test is completed twice over a reasonable time period, that is long enough for precise answers to be forgotten, short enough to minimise real change in the measured attribute (test-retest reliability).
Finally, when administered to samples known, on other grounds, to vary on the attribute in question, for example, by virtue of specialist training, the scores should be signi®cantly different (construct validity). Apart from content validity, which is assessed qualitatively, all these are statistically measureable and there are standard cut-off values for reliability and validity, beyond which items or scales become unacceptable.
Nutrition questionnaires developed to date generally have limitations in one or more of these areas (see Table  1 for a summary). Either they lack the kind of psychometric validation described above, or they cover only a limited area of nutrition knowledge. For example, Towler & Shepherd's (1990) questionnaire is shown to have good construct validity and internal reliability, but the authors say little about how the items were generated and the content validity is therefore questionable. It is, for example, hard to see how an item which asks about the hormones involved in hunger would be related to dietary behaviour. There are no questions about diet-disease links, and although knowledge about the nutrient content of foods is thoroughly tested, there is no systematic questioning about dietary recommendations.
By contrast, Anderson et al (1988) ) used a questionnaire with good content validity and a sound rationale. Items tested familiarity with nutrition terms, knowledge about current dietary recommendations, and the practical applications of these recommendations. However, the instrument was not subjected to rigorous psychometric validation, so nothing can be said about the construct validity or testretest reliability, and the internal consistency is shown to be poor. This is also true of McDougall's (1998) study, although her questionnaire has good content validity. However, construct validity was not assessed and the test-retest reliability was measured at an interval of only a day, so although it was found to be high, it is not possible to know whether the measure would be stable over a longer period of time. As the questionnaire is speci®cally designed for use with teenagers, it might not be suitable for use with an adult sample.
Other studies have used reliable instruments on adult samples, but have concentrated on a particular aspect of nutrition, for example, fat (Steenhuis et al, 1996) or fat, ®bre and cholesterol (Resnicow et al, 1997) . These, although useful, would not, therefore, be appropriate for use in measuring the overall nutrition knowledge of a population.
A large-scale study in the USA (Sapp & Jensen, 1997 ) assessed the reliability and validity of the nutrition knowledge measures used in the Diet and Health Knowledge surveys carried out between 1989 and 1991. Using extensive psychometric evaluation, the authors found that the nutrition knowledge questionnaire did not meet standards for reliability, highlighting the need for a more reliable instrument. They did, however, ®nd that the questionnaire used to test awareness of the relationship between diet and health has acceptable reliability as well as good construct validity.
Further encouragement that it is possible to develop instruments which meet psychometric criteria comes from a study in the Netherlands. Sta¯eu et al (1996) used an adaptation of a questionnaire based on Dutch dietary guidelines. Reliability and validity were both found to be high. Again, the scope of the questionnaire is narrowed, to cover only fat and cholesterol, so it could not be used to assess overall nutrition knowledge. As well as this, because of cultural variations in eating habits and precise dietary recommendations, an instrument developed in the Netherlands would not necessarily be valid for a UK population. Although general recommendations are typically similar across different westernised countries, speci®c questionnaires might need adapting to take account of cultural variations in diet.
Given the problems of measuring nutrition knowledge and the ambiguity of the ®ndings to date, it is perhaps premature to dismiss the link between knowledge and behaviour without ®rst trying to develop a reliable and valid instrument with which to test a broad range of nutrition knowledge of adults. The aim of this study, therefore, is to develop and validate such a questionnaire which can then be used to look again at the relationship between nutritional knowledge and dietary behaviour.
Methods
Developing the questionnaire item pool On the basis of this review of current material containing dietary advice and the literature linking diet with disease, it was decided to divide the questionnaire into ®ve main sections: the understanding of terms (such as ®bre and cholesterol); awareness of dietary recommendations (in lea¯ets like the one described earlier); knowledge of food sources related to the advice, that is, which foods contain which nutrients; using the information to make dietary choices (practical food choice); and awareness of dietdisease associations. Using these broad categories, an item pool of 1201 was generated. Some items were taken from existing questionnaires while others were generated from the literature with expert advice from dieticians where necessary. It is believed that this process served to Sapp & Jensen (1997) Adults Diet and health knowledge Construct validity`0.7 Shepherd & Towler (1992) Adults General nutrition knowledge Construct validity Sta¯eu et al (1996) Adults (Dutch) General nutrition knowledge Content validity Construct validity Test-retest reliability Steenhuis et al (1996) Adults (Dutch) Knowledge relating to fat Test-retest reliability r 0.85
General nutrition knowledge questionnaire for adults K Parmenter and J Wardle maximise the content validity of the questionnaire, that is, that the items selected were representative of the whole area of knowledge being measured. Using this pool of items, two reviews were carried out by a panel of four psychologists and four dieticians to select the best in terms of clarity of the questions, accuracy of the dietary knowledge being tapped, and interpretability. This process reduced the number of items to 102. The preliminary instrument was then ready for piloting in a general population sample.
A number of demographic questions were included in the survey to characterise respondents. A literature search of existing questions was carried out and 12 items chosen from a pool of 58. These asked about sex, age, marital status, ethnic origin (categories taken from the UK 1991 Census), number of children, children under 18 y living at home, educational level, nutrition-related quali®cations, occupation and partner's occupation (classi®ed according to the Standard Occupational Classi®cation system), employment status and details of any special diets.
Subjects and method of distribution for the preliminary questionnaire Nine hundred questionnaires were distributed to a variety of organisations for their employees with the request that they complete and return them (in a pre-paid envelope) and add any comments that might occur to them. Hierarchical organisations were canvassed, in the hope of reaching people from a range of socio-economic backgrounds. Of the 900 questionnaires, 43.3% were completed and returned, although given that distribution was left to the recruited organisations, this is probably an underestimate of the actual response rate. The majority of respondents were women (72.1%), aged between 18 and 44 y (72.4%), white (95.4%) and had non-manual occupations (82.4%). The demographic characteristics are shown in Table 2 .
Analyses and results
The results were analysed both quantitatively (for item dif®culty, item discrimination and internal consistency) and qualitatively (which involved looking at comments made by respondents).
Item dif®culty
According to Kline (1993) items are not useful if they are answered correctly by more than 80% or fewer than 20% of respondents. These indices were adjusted upwards slightly as the pilot sample was skewed towards characteristics which have previously been associated with higher than average nutrition knowledge (Crawford & Baghurst, 1990; Levy et al, 1993) . Items were therefore rejected over 90% or under 30% of respondents answered them correctly. Of the items which did not meet these criteria, about a quarter were retained on the grounds of content validity, that is they were considered to be testing an essential aspect of nutrition knowledge not covered elsewhere in the questionnaire.
Item discrimination
The ability of each individual item to discriminate between people with different levels of knowledge was measured by correlating the score on each item with the overall test score. An item-to-total-score correlation of 0.2 has been cited as the cut-off point below which items should be discarded (Kline, 1986; Streiner & Norman, 1992) . This was adhered to except in circumstances where an item was considered particularly important in terms of content validity.
Internal consistency
This was measured separately for the different sections, each of which was tapping a different area of knowledge. The minimum requirement for internal consistency has been recommended as 0.7 (Kline, 1993) . It was calculated for each section as follows (using Cronbach's alpha): understanding of terms: 0.69; dietary recommendations: 0.76; sources of nutrients: 0.8; choosing everyday foods: 0.66; diet-disease relationships: 0.79.
Respondents' comments
Some changes to wording were made in response to comments written on the questionnaires, in order to reduce ambiguity and maximise the clarity of the questions.
On the basis of the analysis described above, the number of items was reduced to 50. The ®rst section (the understanding of terms) was removed completely as so few items met statistical criteria while others were judged to be too scienti®c and not relevant to behaviour. The ®nal survey was presented as a four page booklet. (Questions are shown in Appendix 1. Copies of the questionnaire booklet are available from authors on request).
Evaluation of validity and reliability of the ®nal scale
The next step was to test construct validity (Streiner & Norman, 1992; Kline, 1993) of the ®nal version by administering it to two groups known to differ in their nutrition knowledge. Test-retest reliability had to be veri®ed to make sure that the results produced were consistent over time (Streiner & Norman, 1992; Nunnally, 1978) . Internal consistency was also reassessed for the ®nal version of the General nutrition knowledge questionnaire for adults K Parmenter and J Wardle questionnaire. Minimum requirements for test-retest reliability and internal consistency were 0.7 (Kline, 1993) .
Subjects and methods
Participants in this study were ®nal year undergraduate students, studying either dietetics or computer sciences. This ensured that one group had a greater knowledge of nutrition, while other variables such as age and socioeconomic status were fairly similar for both groups. Questionnaires were administered at the end of lectures on two separate occasions, with an interval of two weeks between them. Two weeks was expected to be long enough for participants to have forgotten their original responses, but not suf®ciently long for much real change in nutrition knowledge to have taken place. Participants were not aware of the intended second administration at the time of the ®rst. Dates of birth were used to match the two sets of questionnaires. The responses from the ®rst administration were used to assess construct validity and internal consistency. The two sets of responses were used to measure test-retest reliability.
Results
At both sessions, compliance was good with almost all students present completing the measure, 168 participants completed the questionnaire at least once, 74 dietetic students and 94 computer science students, 105 of these completed the questionnaire twice (53 dietetic and 52 computer science students). There was a signi®cant gender difference between the two groups, with 90% of the dieticians being female and 84% of computer scientists being male. Differences in age and ethnic origin between the two groups were not signi®cant. The demographic characteristics of the two groups are shown in Table 3 . Table 4 shows that the dietetics students scored consistently higher than the computer science students on all sections of the questionnaire (P`0.001).
Construct validity
Given the different gender balance of the two groups, gender was controlled for in an analysis of covariance but this had little effect on the results. The questionnaire therefore met the criterion for construct validity.
Internal reliability
The reliability of each section was established using Cronbach's alpha. Correlations ranged from 0.7 ± 0.97 (see Table 5 ).
Test-retest reliability
Pearson's correlation was used to assess test-retest reliability on the scores of the 105 respondents who completed the questionnaire twice. As shown in Table 5 , the reliability for each of the sections was very high, ranging from 0.8 ± 0.97 and the overall reliability was 0.98.
Discussion
Studies aiming to assess the relationship between nutrition knowledge and dietary behaviour in the UK have often been criticised on the grounds of uncertain validity and reliability of the instruments used to measure nutritional knowledge (see, for example, Axelson et al, 1985; Shepherd and Towler, 1992; Anderson et al, 1988) . The aim of the present study was to develop a psychometrically reliable and valid questionnaire covering all aspects of practical nutrition knowledge which could be used in future studies to look at the relationship between nutrition knowledge, demographic characteristics and dietary behaviour.
Signi®cant differences between the scores of the dietetic students (nutritional experts within the university environment) and the computer scientists (who had no specialist knowledge of nutrition) indicate that the questionnaire had a satisfactory construct validity, even when taking into the account the skewed gender characteristics of the two groups. The dietetic students scored higher on all sections General nutrition knowledge questionnaire for adults K Parmenter and J Wardle of the questionnaire, and showed a particularly marked superiority with regard to knowledge about the links between diet and disease (section 4 ± see Table 4 ). The reliability of the ®nal instrument was high. A few items which lacked consistency with the rest of the questionnaire were retained for the sake of content validity, but the internal reliability remained high. The test-retest reliability was also very good.
As well as achieving statistical signi®cance in terms of validity and reliability, the initial process by which the items were generated ensured that all aspects of the subject area were covered, and thus the content validity, though not statistically measurable, was undoubtedly high.
The questionnaire covers current dietary recommendations, sources of nutrients, everyday food choices and dietdisease relationships. These four areas underlie the main aspects relating knowledge to dietary behaviour:
do people know what current expert dietary recommendations are? do they know which foods provide the nutrients referred to in the recommendations?
can they choose between different foods to identify the healthiest ones?
do they know what the health implications of eating or failing to eat particular foods are?
This represents a more comprehensive assessment of nutrition knowledge than has generally been achieved. Given that dietary behaviour is so complex, any attempts to understand it in terms of nutrition knowledge must begin with a clear understanding of knowledge. Students have tended either to concentrate on a speci®c area of knowledge like fat or cholesterol, or have covered a wide variety of knowledge but have not been suf®ciently systematic to gain a true understanding of what people know. This, together with the general lack of psychometric validation of measures, may explain the variability of the results of studies looking at the knowledge-behaviour relationship in the area of nutrition.
Conclusion
This questionnaire (see Appendix 1) should provide a useful tool in research on food choice and permit a clearer understanding of the relationship between knowledge and behaviour than has previously been possible. Thanks to its broad coverage in terms of content, it should also be a useful tool for identifying gaps in the public's nutrition knowledge and in evaluating the success of health education campaigns. This section is about health problems or diseases 
Finally, we would like to ask you a few questions about yourself 
What is your ethnic origin? 
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THE END
Thank you very much for your time.
If there are any comments you would like to make about this questionnaire, please do so below, they would be very welcome.
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